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IMAGE FORMING APPARATUS AND
CONTROL METHOD USING A
TWO-COMPONENT DEVELOPER

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an 1mage forming appa-
ratus that forms an 1mage using a two-component developer,
and a control method.

2. Description of the Related Art

In recent years, most of dry-type printers and copying
machines have adopted a development system using a
two-component developer that 1s composed of toner and
carrier. While toner 1s consumed at the time of printing,
carrier remains 1n a developing device. Consequently, the
carrier 1s always stirred, and the carrier may be crushed or
toner may adhere to the carrier. The carrier thus deteriorates,
and the development performance 1s degraded.

In the case of a cleanerless photoconductor body, such a
problem arises that paper dust enters the developing device.
The paper dust, which has once entered the developing
device, will never go out. If such paper dust accumulates 1n
the developing device, an image defect occurs and, for
example, 1mage formation may be disabled.

If means (e.g. filter) for reclaiming the developer 1s
provided within the developing device that has a developing
roller, such means may hinder conveyance of the developer.

There 1s known a development method that 1s called
“occasional small-amount developer replacement method.”
In this method, aside from consumed toner replemishment,
new carrier (conc. toner: replenishing developer) 1s replen-
ished 1nto the developing device, and excess developer 1s let
to overtlow out of a discharge port that 1s formed 1n the wall
of the developing device. Degraded developer 1s replaced
with new toner and carrier, thereby maintaining the devel-
opment performance and suppressing degradation 1n 1image
quality.

In the occasional small-amount developer replacement
method, however, the toner/carrier ratio i1s different between
the developer within the developing device and the conc.
toner (developer). Thus, the developer and conc. toner are
not easily mixed, and non-uniformity tends to occur in the
density of an output image. In addition, new developer tends
to flow out of the discharge port.

BRIEF SUMMARY OF THE INVENTION

The object of an aspect of the present mvention 1s to
provide an 1mage forming apparatus and a control method,
which can prevent degradation 1n developer, can efliciently
reduce developer degradation, and can stably perform good
image formation.

According to an aspect of the present invention, there 1s
provided an 1mage forming apparatus that forms an 1image
using a two-component developer, comprising: first storing
means for storing the two-component developer; first stir-
ring/conveying means for stirring/conveying the two-com-
ponent developer that i1s stored 1n the first storing means;
developing means for effecting development using the two-
component developer that 1s stirred/conveyed by the first
stirring/conveying means; second storing means for storing
the two-component developer; second stirring/conveying,
means for stirring/conveying the two-component developer
that 1s stored in the second storing means; and control means
for controlling movement of the two-component developer
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that 1s stored in the first storing means and the second storing
means, using the first and second stirring/conveying means.

According to another aspect of the present invention,
there 1s provided a control method for an image forming
apparatus that forms an i1mage using a two-component
developer, comprising: providing a first chamber that stores
the two-component developer; providing a first mixer that
stirs/conveys the two-component developer that 1s stored 1n
the first chamber; providing a developing device that eflects
development using the two-component developer that is
stirred/conveyed by the first mixer; providing a second
chamber that stores the two-component developer; provid-
ing a second mixer that stirs/conveys the two-component
developer that 1s stored 1n the second chamber; and control-
ling movement of the two-component developer that is

stored 1n the first chamber and the second chamber, using the
first and second mixers.

Additional objects and advantages of an aspect of the
invention will be set forth in the description which follows,
and 1n part will be obvious from the description, or may be
learned by practice of the invention. The objects and advan-
tages of an aspect of the invention may be realized and
obtained by means of the mstrumentalities and combinations
particularly pointed out hereinafter.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

-

The accompanying drawings, which are incorporated 1n
and constitute a part of the specification, illustrate presently
embodiments of the mnvention, and together with the general
description given above and the detailed description of the
embodiments given below, serve to explain the principles of
an aspect of the invention.

FIG. 1 15 a cross-sectional view that schematically shows
the structure of a copying machine relating to an image
forming apparatus according to an embodiment of the
present 1nvention;

FIG. 2 1s a block diagram that shows the structure of a
control system of the copying machine;

FIG. 3 schematically shows the structure of a developing
device according to a first embodiment;

FIG. 4 1s a perspective view of the developing device,
with an upper part of the casing being removed to show the
internal structure;

FIG. 5 1s a view for explaining a shutter and the flow of
developer;

FIG. 6 1s a view for explaining the shutter and the tflow of
developer;

FIG. 7 1s a view for explaining the shutter and the flow of
developer;

FIG. 8 15 a view for explaining the shutter and the flow of
developer;

FIG. 9 schematically shows the structure of a developing
device according to a second embodiment;

FIG. 10 shows a cross-sectional structure of the develop-
ing device;
FIG. 11 1s a perspective view of the developing device,

with an upper part of the casing being removed to show the
internal structure:

FIG. 12 schematically shows the structure of a developing,
device according to a third embodiment; and

FIG. 13 1s a perspective view of the developing device,
with an upper part of the casing being removed to show the
internal structure.
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DETAILED DESCRIPTION OF TH.
INVENTION

(L]

An embodiment of the present immvention will now be
described with reference to the accompanying drawings.

FIG. 1 schematically shows the structure of a copying
machine relating to an image forming apparatus according to
the embodiment of the present invention. The copying
machine comprises a photoconductor body 60; a charging
device 61 that charges the photoconductor body 60; an
exposure device 62 that forms an electrostatic latent image
on the photoconductor body 60; a developing device 30 that
develops the electrostatic latent image on the photoconduc-
tor body 60; a charge erase device 63 that erases the charge
on the surface of the photoconductor body 60; a transfer
device 64 that transiers a toner image from the photocon-
ductor body 60 to paper; and a fixing device 65 that fixes the
toner on the paper.

FIG. 2 shows the structure of a control system of the
copying machine. The copying machine comprises a main
control unit 5 for executing an overall control, an operation
panel 6 for executing various settings, a scanner section 7
serving as 1image reading means for reading an 1mage on an
original, and a color printer section 8 serving as image
forming means for forming an 1mage.

The printer section 8 comprises a CPU 110 for executing,
an overall control; a ROM 111 that stores a control program,
etc.; a RAM 112 for storing data; a laser driver 113 that
drives a semiconductor laser of a laser optical system (not
shown); a polygon motor driver 114 that drives a polygon
motor (not shown); a convey control unit 115 that controls
conveyance of paper serving as a transter medium; a process
control umt 116 that controls processes ol charging, devel-
opment and transier using the charging device 61, develop-
ing device 30 and transier device 64; and a fixation control
unit 117 that controls the fixing device.

Next, a first embodiment 1s described.

FI1G. 3 schematically shows the structure of the develop-
ing device 30 according to the first embodiment. As will be
described later in detail, the developing device 30 includes
first chambers 31a, 315 and second chambers 1a, 15, 1¢ for
containing a developer. The developing device 30 also

includes an inlet 35 on the first chamber 3154, as shown 1n
FIG. 3. A hopper 50 1s disposed above the inlet 35.

FIG. 4 1s a perspective view of the developing device 30,
with an upper part of the casing being removed to show the
internal structure. The developing device 30 includes the
first chambers 31a, 315 for containing developer, mixers 32
and 33 for stirring and conveying the developer, and a
developing roller 34 for development. The direction of
movement of the developer by the mixers 32 and 33 1s
indicated by arrows. The developing device 30 also includes
a motor 39 and gears 35, 36, 37 and 38 for rotating the
developing roller 34 and mixers 32 and 33.

The developing device 30 further includes the second
chambers 1a, 15 and 1¢ for containing developer, and mixers
2, 3 and 4 for stirring and conveying the developer. The
direction of movement of the developer by the mixers 2, 3
and 4 1s indicated by arrows. The developing device 30 also
includes a motor 48 and gears 44, 45, 46 and 47 for rotating
the mixers 2 and 3. In addition, the developing device 30 1s
equipped with a motor 51 and gears 49 and 50 for rotating
the mixer 4.

Shutters 40, 41 and 42 for controlling movement of
developer are disposed between the first chambers 31a, 315
and the second chambers 1a, 15, 1c.
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A filter 55 1s provided between the second chambers 1a
and 15, as will be described later 1n detail.

FIG. 5§ and FIG. 6 1llustrate the shutters 40 and 41 and the
flow of developer. For easier understanding, these Figures
show only the casings of the first chambers 31a, 315 and
second chambers 1a, 15 and 1¢, and the shutters 40 and 41.
The shutter 40 controls movement of developer between the
first chambers 31aand 315 and between the second chamber
1c and the first chamber 31b. The shutter 41 controls
movement of developer between the first chamber 31a and
the second chamber 1a.

In the state shown in FIG. 5, the shutter 40 permits
communication between the first chambers 314 and 315, and
prevents communication between the second chamber 1c¢
and the first chamber 315. The shutter 41 prevents commu-
nication between the first chamber 31a and the second
chamber 1a. Accordingly, no movement of developer occurs
between the first chambers 31a, 316 and the second cham-
bers 1a, 156 and 1¢. Movement of developer 1s permitted only
between the first chambers 31a and 3154. In short, the
developer circulates 1 the order of the first chamber
31a—316—31a.

In the state shown in FIG. 6, the shutter 40 prevents
communication between the first chambers 314 and 3154, and
permits communication between the second chamber 1¢ and
the first chamber 315. The shutter 41 permits communica-
tion between the first chamber 31a and the second chamber
1a. Thus, as indicated by arrows 1n FIG. 6, the developer can

move between the first chambers 31a, 315 and the second
chambers 1a, 15, 1c.

FIG. 7 and FIG. 8 1llustrate the shutter 42 and the flow of
developer. For easier understanding, these Figures show
only the casings of the first chambers 31a, 315 and the
second chambers 1a, 15, 1¢, and the shutter 42. The shutter
42 controls movement of developer between the second
chambers 15 and 1¢ and between the second chambers 1a
and 1b.

In the state illustrated 1n FIG. 7, the shutter 42 prevents
communication between the second chambers 1a and 15.
Accordingly, the developer moves 1n the order of the second
chamber 1a—1b—1c.

In the state illustrated in FIG. 8, the shutter 42 prevents
communication between the second chambers 15 and 1c.
Accordingly, the developer circulates 1n the order of the
second chamber 1a—15—1a.

In the developing device 30, a developer for development
1s put 1 the first chambers 31a and 31b. Part of the
developer, which 1s moved from the first chambers 31a and
31b, 1s put 1n the second chambers 1a, 16 and 1c.

As 1s shown 1n FIG. 4, 1n normal operation states includ-
ing a recording mode, the shutters 40, 41 and 42 are set 1n
the states shown in FIG. 5 and FIG. 7. Specifically, the
developer 1n the first chambers 31aq and 315 can circulate 1n
the order of 31¢a—=>315H, and the developer in the second
chambers 1a, 15 and 1¢ can move 1n the order of
la—1b—1c.

The positions of the shutters 40 and 41 are changed only
when the developer 1s moved between the first chambers
31a, 315 and the second chambers 1a, 15, 1¢. The developer
1s moved during the non-recording time.

Next, the movement operation of developer in the devel-
oping device 30 of the first embodiment 1s explained. The
movement operation 1s controlled by the CPU 110 through
the process control unit 116.

To start with, the positions of the shutters 40 and 41 of the
developing device 30 are changed from the state shown 1n
FIG. 5 to the state shown 1n FIG. 6. Thereby, the developer
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1s made movable between the first chambers 31a, 315 and
the second chambers 1a, 15, 1c.

The motor 39 1s driven to rotate the developing roller 34
and mixers 32 and 33 via the gears 35, 36, 37 and 38. The
developer 1s stirred and conveyed for a predetermined time
T.

At the same time, the motor 48 1s driven to rotate the
mixers 2 and 3 via the gears 44, 45, 46 and 47. The developer
1s stirred and conveyed for the predetermined time T.

At the same time, the motor 51 1s driven to rotate the
mixer 4 via the gears 49 and 50. The developer 1s stirred and
conveyed for the predetermined time T.

Thereby, the developer 1s moved from the first chambers
31a, 315 to the second chambers 1a, 15, 1c. When the
movement 1s finished, the positions of the shutters 40 and 41
are changed to the state shown in FIGS. § and 7.

The amount of movement of developer 1s understandable
from the rotational speed and shapes of the mixers 32 and
33. Hence, the amount of developer, which 1s moved from
the first chamber 31a to the second chamber 1la, can be
estimated 1n advance.

In this embodiment, about half the developer 1n the first
chambers 31a, 315 1s replaced.

In the embodiment, the replacement of developer 1s
performed each time recording (copying) of 10,000 sheets 1s
completed.

Next, an operation at a recording (copying operation) time
1s described referring to FIGS. 1, 2 and 4.

When a copy button (not shown) on the operation panel
6 1s pressed, the CPU 110 causes the charging device 61 to
charge the surface of the photoconductor body 60, and
causes the exposure device 62 to expose the photoconductor
body 60 in accordance with 1image data. Thus, an electro-
static latent image 1s formed on the photoconductor body 60.
Subsequently, the CPU 110 develops the electrostatic latent
image 1nto a toner image, using toner on the developing
roller 34 of the developing device 30.

Toner 1s conveyed to the developing roller 34 in the
following manner. The motor 39 shown 1n FIG. 4 1s driven
to rotate the mixers 32 and 33. Thus, the developer in the
first chambers 31a and 3154 1s circulated, stirred and con-
veyed to the developing roller 34. At this time, the developer
in the second chambers 1a, 15, 1¢ 1s neither stirred nor
conveyed, and 1s held.

The CPU 110 1nstructs the transier device 64 to electro-
statically transfer the toner image on the photoconductor
body 60 to paper (not shown). The toner 1mage on the paper
1s fixed by heat and pressure in the fixing device 65. After
the toner 1image 1s transterred from the photoconductor body
60 to the paper (not shown), the photoconductor body 60 1s
illuminated with light from the charge erase device 63 and
the charge remaining on the photoconductor body 60 1s
erased.

As has been described above, according to the first
embodiment, at the time of recording, part of the developer
1s held 1n the second chambers and i1s neither stirred nor
conveyed. Therefore, degradation of developer that 1s held
can be prevented.

The 1mage forming apparatus of this invention 1s not
equipped with a cleaning device for the photoconductor
body 60, as shown 1n FIG. 1. If the cleaning mechanism 1s
not provided, there 1s a fear of adverse eflect due to toner on
the photoconductor body 60, which remains aiter the trans-
ter of the toner 1mage to the paper. However, no problem
arises with the toner, since the toner 1s recovered into the
developing device 30 at the same time as the development.
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When the toner 1s recovered into the developing device
30, however, paper dust of the paper sheet also enters the
developing device 30. The paper dust, which has once
entered the developing device 30, will never go out. In a
short time period, there would be no problem. However, 11
paper dust accumulates 1n the developing device 30 over a
long time, a development defect, such as non-formation of
image, would occur.

In order to maintain good image formation over a long
time, 1t 1s necessary to provide a means for reclaiming the
developer, thereby removing paper dust and recycling the
developer for use during a regular development time.

In the 1mage forming apparatus of this invention, a filter
1s used as the means for reclaiming the developer. As 1s
shown 1 FIG. 4, a filter 55 for removing paper dust 1s
provided between the second chamber 1a and second cham-
ber 1b. Since paper dust can be removed by the filter 55,
good 1mage formation can be maintained.

It 1s possible to dispose the filter 1n the first chamber
having the developing roller. However, it 1s not preferable to
dispose there such a filter or anything else that may become
an obstacle to toner conveyance. If the filter 1s provided, the
flow of toner would deteriorate and the speed of conveyance
of toner to the developing roller would lower, leading to
non-uniformity in 1mage density.

In the present invention, the filter 35 1s provided 1n the
second chambers (between chambers 1a and 15) that do not
have the developing roller 34. Thus, even 11 the flow of toner
becomes less smooth, there 1s no eflect on 1mages. If the

filter 55 1s completely clogged and the conveyance of toner
1s disabled, the filter 55 should be replaced.

Next, a second embodiment 1s described.

FIG. 9 schematically shows the structure of a developing
device 30 according to the second embodiment. Like the first
embodiment, the developing device 30 includes first cham-
bers 31a, 315 and second chambers 1a, 15, 1¢ for containing
a developer. The developing device 30 of the second
embodiment also includes an ilet 35 on the second chamber
1a, as shown 1n FIG. 9. A hopper 50 1s disposed above the
inlet 35.

The hopper 50 incorporates a mixer 51. The mixer 31 1s
rotated by a motor 80 via gears 81, 82 and 83 and a shait 84.

FIG. 10 15 a cross-sectional view taken along line A—A
in FIG. 9. The structure of the developing device 30, taken
through section A—A, comprises the second chamber 1c,
first chambers 31a and 315, mixers 4, 32 and 33, developing
roller 34, shutter 40, and a discharge port 70. A supplemental
description 1s given of the discharge port 70. As shown 1n
FIG. 10, the shutter 40 1s formed 1n such a shape as not to
block the discharge port 70.

FIG. 11 1s a perspective view of the developing device 30,
with an upper part of the casing being removed to show the
internal structure. The parts common to those in the first
embodiment are denoted by like reference numerals, and a
detailed description 1s omitted. Diflerent points are as fol-
lows. The ilet 35 1s provided 1n the second chamber 1a at
a location indicated by a broken line, and the discharge port
70 1s provided.

The operation at the recording time 1s the same as 1n the
first embodiment, so a description 1s omitted here.

Next, a description 1s given of the stirring/movement
distance after the replenishment of developer in the second
embodiment. This operation i1s controlled by the CPU 110
through the process control unit 116.

In the developing device 30, a developer for development
1s put 1n the first chambers 31a and 31b. Part of the
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developer, which 1s moved from the first chambers 31a and
315, 1s put 1n the second chambers 1a, 15 and 1c.

As 1s shown in FIG. 11, i normal operation states
including a recording mode, the shutters 40, 41 and 42 are
set 1n the states shown 1n FIG. 5 and FIG. 7. Specifically, the
developer can circulate in the order of the first chamber
31a—31b and can move 1n the order of the second chamber
1a—15643 1c. The positions of the shutters 40 and 41 are
changed only when the developer 1s moved between the first
chambers 314, 315 and the second chambers 1a, 15, 1¢. The
developer 1s moved while developer 1s replenished 1n the
second chambers 1a, 15 and 1c.

Next, an operation at the time of developer replenishment
1s described.

To start with, the positions of the shutters 40 and 41 of the
developing device 30 are changed from the state shown 1n
FIG. 5 to the state shown 1n FIG. 6. Thereby, the developer
1S made movable between the first chambers 31a, 315 and
the second chambers 1a, 15, 1c.

The motor 39 1s driven to rotate the developing roller 34
and mixers 32 and 33 via the gears 35, 36, 37 and 38. The
developer 1s stirred and conveyed. At the same time, the
motor 48 1s driven to rotate the mixers 2 and 3 via the gears
44, 45, 46 and 47, and the motor 51 1s driven to rotate the
mixer 4 via the gears 49 and 50.

Similarly, the motor 80 1s driven to rotate the mixer 51 via
the gears 81, 82 and 83 and shait 84, and new developer in
the hopper 50 1s replenished into the second chamber 1a.
The new developer 1s mixed with the developer that comes
from the first chamber 31a, and 1s stirred and conveyed

within the second chambers 14, 15 and 1¢ and fed into the
first chamber 3154.

If the motor 80 1s stopped, the replenishment of developer
from the hopper 50 via the mixer 51 is stopped. After
passage ol a predetermined time T, the motors 39, 48 and 51
are stopped, and the stirring/conveyance of developer 1s also
stopped. The positions of the shutters 40 and 41 of the

developing device 30 are changed to the state shown 1in
FIGS. 5 and 7.

With the above-described operation, the new developer 1s
put (replenished) into the developing device 30, and the
apparatus 1s set 1n the 1nitial state 1n which the developer 1s

put 1n the first chambers 31a, 315 and the second chambers
la, 15 and 1c.

The volume of developer 1n the developing device 30
temporarily increases by an amount of replenished new
developer. The amount of developer, which corresponds to
the 1increase 1 volume, 1s let to overtlow from the discharge
port 70 and 1s discharged. Since the developer to be dis-
charged 1s pushed out, new developer 1s not discharged.

As has been described above, according to the second
embodiment, when the new developer 1s mixed with the
developer 1 the developing device 30 and stirred, the
distance for stirring (time for stirring) can be increased.
Theretfore, good mixing of developer 1s achieved and stable
image formation of output images can be realized.

The distance between the developer replenishment posi-
tion 1n the developing device 30, that 1s, the position of the
inlet 35 above the second chamber 1a, and the discharge port
70 1s made longer than in the case where developer 1is
directly replenished into the first chamber 315. Therelore,
new developer 1s not discharged, and the ratio of replace-
ment of developer increases.

Next, a description 1s given of an operation relating to
preliminary stirring of replenishing developer at a non-
recording time.
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In the developing device 30, a developer for development
1s put in the first chambers 31aand 31b. Part of the devel-
oper, which 1s moved from the first chambers 31a and 315,
1s put 1n the second chambers 1a, 16 and 1c.

As 1s shown in FIG. 11, in normal operation states
including a recording mode, the shutters 40, 41 and 42 are
set 1n the states shown in FIG. 5 and FIG. 7. Specifically, the
developer can circulate 1 the order of the first chamber
31a—31b and can move 1n the order of the second chamber
la—1b—1c.

In this state, the position of the shutter 42 1s changed from
that shown 1n FIG. 7 to that shown 1n FIG. 8. Communica-
tion between the second chambers 15 and 1¢ 1s blocked, and
communication between the second chambers 15 and 1a 1s
permitted. As a result, the developer 1n the second chambers
la and 15 1s made circulable 1n the order of 1a—1b—1a.

The motor 48 1s driven to rotate the mixers 2 and 3 via the
gears 44, 45, 46 and 47. Similarly, the motor 80 1s driven to
rotate the mixer 51 via the gears 81, 82 and 83 and shait 84,
and new developer 1s replenished into the second chambers
1a and 15. The new developer 1s mixed with the developer
that comes from the first chamber 31a and 1s held there.
Until the developer 1s tully mixed, the developer 1s circu-
lated and stirred within the second chambers 1a and 15.

After passage of a predetermined time period, the motors
48 and 80 are stopped, and the replemishment of new
developer and the stirring 1n the second chambers 1a and 15
are stopped. Then, the position of the shutter 42 1s restored
to state shown in FIG. 7. Thus, the preliminary stirring
operation 1s completed.

Next, a description 1s given of an operation at a time of
replenishing toner 1nto the developing device 30. The above-
described preliminarily stirred developer 1s replenished into
the developing device 30.

To start with, the positions of the shutters 41 and 42 are
changed from the state shown in FIG. 5 to the state shown

in FIG. 6. Thereby, the developer 1s made movable between
the first chambers 31a, 315 and the second chambers 1a, 15,

1c.

The motor 39 1s driven to rotate the developing roller 34
and mixers 32 and 33 via the gears 35, 36, 37 and 38, and
the developer 1s stirred and conveyed. At the same time, the
motor 48 1s driven to rotate the mixers 2 and 3 via the gears
44, 45, 46 and 47, and the motor 51 1s driven to rotate the
mixer 4 via the gears 49 and 50.

As a result, the developer 1n the first chambers 31a, 315
1s moved into the second chambers 1a, 15, 1¢, and the
developer that 1s mixed with new developer 1s moved from
the second chambers 1a, 15, 1¢ 1nto the first chambers 31a,
31b. After passage of a predetermined time T, the motors 39,
48 and 51 are stopped. The positions of the shutters 41 and
42 are changed to the state shown 1n FIGS. 5 and 7.

With the above-described operation, the new developer 1s
put (replenished) into the developing device 30, and the
apparatus 1s set 1n the 1nitial state i1n which the developer 1s
put 1n the first chambers 31a, 315 and the second chambers
la, 15 and 1c.

The volume of developer in the developing device 30
temporarily increases by an amount of replenished new
developer. The amount of developer, which corresponds to
the increase 1n volume, 1s let to overtlow from the discharge
port 70 and 1s discharged. Since the developer to be dis-
charged 1s pushed out, new developer 1s not discharged.

Similarly, the developer that comes 1nto the second cham-
bers 1a, 16 and 1c 1s pushed in, so no new developer 1s
included. The developer replenmishing operation 1s thus com-
pleted. A further preliminary stirring operation 1s executed in
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preparation for the next developer replenishment. The pre-
liminary stirring operation 1s the same as described above.

As has been described above, according to the second
embodiment, pre-stirred, well-mixed developer 1s fed into
the developing device 30. Therelore, stable image formation
can be performed.

Next, a third embodiment 1s described.

FI1G. 12 schematically shows the structure of a developing
device 30 according to the third embodiment. Like the first
embodiment, the developing device 30 includes first cham-
bers 31a, 315 and second chambers 1a, 15, 1¢ for containing,
a developer. An inlet 355 1s provided on the first chamber
31b, and a hopper 5056 1s disposed above the inlet 3556. An
inlet 35a 1s provided on the second chamber 1a, and a
hopper 50qa 1s disposed above the inlet 354.

FIG. 13 1s a perspective view of the developing device 30,
with an upper part of the casing being removed to show the
internal structure. The parts common to those 1n the first
embodiment are denoted by like reference numerals, and a
detailed description 1s omitted. Different points are as fol-
lows. The inlet 356 1s provided in the first chamber 315 at
a location indicated by a broken line, the inlet 35a 1is
provided in the second chamber 1q at a location indicated by
a broken line, and the discharge port 70 1s provided.

As regards the method of developer replenishment, a
small amount of developer 1s replenished into the develop-
ing device 30 while a recording operation 1s being per-
formed. When a large amount of replenishing developer 1s
needed 1n the case of forming, e.g. a solid image, the
recording operation 1s halted and a large amount of devel-
oper 1s replemished and stirred. After the developer 1s fully
stirred, the recording 1s executed.

In the present embodiment, the second chamber 1a for
storing developer 1s used 1n addition to the first chamber
31b6. Thereby, a small amount of developer 1s replenished
into the developing device 30 while recording 1s being
executed.

A developer replenishing method 1n this case 1s described.

During recording, a small amount of new developer 1s
replenished from the hopper 505 through the inlet 355, and
the replenished developer 1s constantly stirred by the mixers
32 and 33. Since the amount of replenished new developer
1s small, the new developer can quickly be mixed with the
developer 1n the first chambers 31a and 315 of the devel-
oping device 30.

Toner 1s consumed via the developing roller 34. If the
amount of consumed toner 1s greater than the amount of
toner contained in the replenished new developer, the
amount of toner 1n the first chambers 31a and 315 decreases.
When the toner becomes deficient, the developer in the
second chambers 1a, 15, 1c¢ 1s fed into the first chambers 31a
and 31b.

The developer that 1s fed from the second chambers 1a,
15, 1c 1s the well-mixed developer (a description of the
associated structure and operation 1s omitted since such
structure and operation are the same as i1n the first and
second embodiments). Since no problem arises 11 the devel-
oper 1s conveyed to the developing roller 34, there 1s no need
to stir the developer 1n the developing device by halting the
recording operation as in the prior art.

As has been described above, according to the third
embodiment, the pre-stirred, well-mixed developer 1s fed
from the second chambers 1a, 15, 1¢ 1nto the first chambers
31a, 31b6. Therefore, stable 1image formation 1s realized.

Since the stirnng 1s performed while the recording 1s not
halted, smooth recording on paper can be executed even in
a successive recording mode.
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In the third embodiment, two hoppers (50a, 505) are
provided. Alternatively, a single hopper may be used such
that developer 1s dividedly replenished into the first and
second chambers. With this structure, too, the same advan-
tageous ellects can be obtained.

In the first and second embodiments, the same advanta-
geous ellects can be obtained 1f any one of the following
configurations 1s adopted: a configuration 1n which the first
and second chambers are integrated as one body; a configu-
ration 1n which the first and second chambers are separate
parts and are joined together; and a configuration 1n which
the second chamber 1s disposed on the main body side of the
copying machine and the first chamber, 1f attached to the
main body of the copying machine, 1s joined to the second
chamber.

Additional advantages and modifications will readily
occur to those skilled 1n the art. Therefore, the invention in
its broader aspects 1s not limited to the specific details and
representative embodiments shown and described herein.
Accordingly, various modifications may be made without
departing from the spirit or scope of the general inventive
concept as defined by the appended claims and their equiva-
lents.

What 1s claimed 1s:

1. An 1image forming apparatus that forms an image using
a two-component developer, comprising;:

first storing means for storing the two-component devel-
oper;
first stirring/conveying means for stirring/conveying the

two-component developer that 1s stored in the first
storing means;

developing means for eflecting development using the
two-component developer that 1s stirred/conveyed by
the first stirring/conveying means;

second storing means for storing the two-component
developer;

second stirring/conveying means for stirring/conveying
the two-component developer that i1s stored in the
second storing means; and

control means for controlling movement of the two-
component developer that 1s stored in the first storing
means and the second storing means, using the first and
second stirring/conveying means, the control means
inhibiting the two-component developer from moving
in the development, and allowing the two-component
developer to move at a predetermined timing.

2. The image forming apparatus according to claim 1,
wherein the control means executes a control to move part
of the two-component developer, which 1s stored in the first
storing means, 1nto the second storing means and to hold the
part of the two-component developer.

3. The image forming apparatus according to claim 1,
wherein the control means executes a control to move part
of the two-component developer, which 1s stored in the first
storing means, into the second storing means and to hold the
part of the two-component developer, and executes a control
to move the part of the two-component developer, which 1s
held 1n the second storing means, into the first storing means.

4. The image forming apparatus according to claim 1,
wherein the second storing means includes reclaiming
means for reclaiming the two-component developer.

5. The image forming apparatus according to claim 4,
wherein the reclaiming means 1s means for removing paper
dust that 1s contained in the two-component developer.
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6. An 1mage forming apparatus that forms an 1mage using
a two-component developer, comprising:

first storing means for storing the two-component devel-

oper;

first stirring/conveying means for stirring/conveying the

two-component developer that 1s stored in the first
storing means;

developing means for eflecting development using the

two-component developer that 1s stirred/conveyed by
the first stirring/conveying means;

second storing means for storing the two-component

developer;

supply means for supplying a replenishing two-compo-

nent developer into the second storing means;

second stirring/conveying means for stirring/conveying

the two-component developer that i1s stored in the
second storing means; and

control means for controlling movement of the two-

component developer that 1s stored in the first storing
means and the second storing means, using the first and
second stirring/conveying means, the control means
inhibiting the two-component developer from moving
in the development, and allowing the two-component
developer to move at a predetermined timing, and
controlling supply of the replenishing two-component
developer by the supply means.

7. The image forming apparatus according to claim 6,
wherein the control means executes a control to move the
two-component developer, which 1s stored 1n the first storing
means, into the second storing means, to supply, from the
supply means, the replenishing two-component developer to
the two-component developer that 1s moved into the second
storing means, and to stir/convey the conveyed two-com-
ponent developer and the replenishing two-component
developer using the second stirnng/conveying means,
thereby moving the conveyed two-component developer and
the replenishing two-component developer into the first
storing means.

8. The image forming apparatus according to claim 6,
wherein the first storing means 1includes discharge means for
discharging the two-component developer by causing the
two-component developer to overtlow.

9. The 1mage forming apparatus according to claim 6,
wherein the control means executes a control to move part
of the two-component developer, which i1s stored 1n the first
storing means, 1mto the second storing means, to supply,
from the supply means, the replenishing two-component
developer to the two-component developer that 1s moved
into the second storing means, and to stir and hold the
conveyed two-component developer and the replenishing
two-component developer.

10. The image forming apparatus according to claim 6,
wherein the control means executes a control to move part
of the two-component developer, which 1s stored in the first
storing means, into the second storing means, to supply,
from the supply means, the replenishing two-component
developer to the two-component developer that 1s moved
into the second storing means, to stir and hold the conveyed
two-component developer and the replenishing two-compo-
nent developer, and to move the held two-component devel-
oper into the first storing means.

11. An mmage forming apparatus that forms an image
using a two-component developer, comprising:

first storing means for storing the two-component devel-

oper;

first supply means for supplying a replenishing two-

component developer into the first storing means;
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first stirring/conveying means for stirring/conveying the
two-component developer that 1s stored 1n the first
storing means;

developing means for effecting development using the
two-component developer that 1s stirred/conveyed by
the first stirring/conveying means;

second storing means for storing the two-component
developer;

second supply means for supplying a replenishing two-
component developer into the second storing means;

second stirring/conveying means for stirring/conveying
the two-component developer that i1s stored in the
second storing means; and

control means for controlling movement of the two-
component developer that 1s stored in the first storing

means and the second storing means, using the first and
second stirring/conveying means, and controlling sup-
ply of the replenishing two-component developer by
the first and second supply means.

12. The image forming apparatus according to claim 11,
wherein the control means executes, at a time of 1mage
formation, a control to supply, from the first supply means,
the replenishing two-component developer into the first
storing means, and executes, at a non-image-formation time,
a control to move part of the two-component developer,
which 1s stored in the {first storing means, into the second
storing means, to supply, from the supply means, the replen-
ishing two-component developer to the two-component
developer that 1s moved mto the second storing means, to
stir and hold the conveyed two-component developer and
the replenishing two-component developer, and to move, at
a time of 1mage formation, the held two-component devel-
oper mto the first storing means.

13. An 1mage forming apparatus that forms an image
using a two-component developer, comprising;:

a first chamber that stores the two-component developer;

a irst mixer that stirs/conveys the two-component devel-
oper that 1s stored 1n the first chamber;

a developing device that eflects development using the
two-component developer that 1s stirred/conveyed by
the first mixer:;

a second chamber that stores the two-component devel-
Oper;

a second mixer that stirs/conveys the two-component
developer that 1s stored i the second chamber; and

a control unit that controls movement of the two-compo-
nent developer that 1s stored in the first chamber and the
second chamber, using the first and second mixers, the
control umt inhibiting the two-component developer
from moving in the development, and allowing the
two-component developer to move at a predetermined
timing.

14. An 1mage forming apparatus that forms an image

using a two-component developer, comprising;:

a first chamber that stores the two-component developer;

a {irst mixer that stirs/conveys the two-component devel-
oper that 1s stored 1n the first chamber;

a developing device that eflects development using the
two-component developer that 1s stirred/conveyed by
the first mixer:;

a second chamber that stores the two-component devel-
Oper;

a hopper that supplies a replenishing two-component
developer 1into the second chamber;

a second mixer that stirs/conveys the two-component
developer that 1s stored 1n the second chamber; and
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a control unit that controls movement of the two-compo-
nent developer that 1s stored in the first chamber and the
second chamber, using the first and second mixers, the

control umt inhibiting the two-component developer
from moving 1n the development, and allowing the
two-component developer to move at a predetermined
timing, and controls supply of the replenishing two-
component developer by the hopper.

15. An 1mage forming apparatus that forms an image
using a two-component developer, comprising:

a {irst chamber that stores the two-component developer;

a first hopper that supplies a replemishing two-component
developer into the first chamber;

a first mixer that stirs/conveys the two-component devel-
oper that 1s stored in the first chamber;

a developing device that eflects development using the
two-component developer that 1s stirred/conveyed by
the first mixer:;

a second chamber that stores the two-component devel-
oper;

a second hopper that supplies a replenmishing two-compo-
nent developer mto the second chamber;

a second mixer that stirs/conveys the two-component
developer that 1s stored in the second chamber; and

a control unit that controls movement of the two-compo-
nent developer that 1s stored in the first chamber and the
second chamber, using the first and second mixers, and
controls supply of the replenishing two-component
developer by the first and second hoppers.

16. A method for controlling a developing device of an
image lforming apparatus that forms an i1mage using a
two-component developer, the developing device including;:

a first chamber that stores the two-component developer;

a first mixer that stirs/conveys the two-component devel-
oper that 1s stored 1n the first chamber;

a developing roller that effects development using the
two-component developer that 1s stirred/conveyed by
the first mixer; a second chamber that stores the two-
component developer; and

a second mixer that stirs/conveys the two-component
developer that 1s stored in the second chamber, the
method comprising:

controlling movement of the two-component developer
that 1s stored in the first chamber and the second
chamber, using the first and second mixers, inhibiting
the movement of the two-component developer 1n the
development, and allowing the movement of the two-
component developer at a predetermined timing.

17. A method for controlling a developing device of an

image lorming apparatus that forms an i1mage using a

two-component developer, the developing device including:
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a first chamber that stores the two-component developer;

a {irst mixer that stirs/conveys the two-component devel-
oper that 1s stored in the first chamber;

a developing roller that eflects development using the
two-component developer that 1s stirred/conveyed by
the first mixer;

a second chamber that stores the two-component devel-
Oper;

a hopper that supplies a replenishing two-component
developer into the second chamber; and

a second mixer that stirs/conveys the two-component
developer that 1s stored in the second chamber, the
method comprising:

controlling movement of the two-component developer
that 1s stored in the first chamber and the second
chamber, using the first and second mixers, inhibiting
the movement of the two-component developer 1n the
development, allowing the movement of the two-com-
ponent developer at a predetermined timing, and sup-
plying of the replenishing two-component developer by
the hopper.

18. A method for controlling a developing device of an
image lforming apparatus that forms an i1mage using a
two-component developer, the developing device including;:

a first chamber that stores the two-component developer;

a {irst hopper that supplies a replenishing two-component
developer to the first chamber;

a {irst mixer that stirs/conveys the two-component devel-
oper that 1s stored in the first chamber;

a developing roller that eflects development using the
two-component developer that 1s stirred/conveyed by
the first mixer;

a second chamber that stores the two-component devel-
Oper;

a second hopper that supplies a replenishing two-compo-
nent developer mto the second chamber; and

a second mixer that stirs/conveys the two-component
developer that 1s stored in the second chamber, the
method comprising:

controlling movement of the two-component developer
that 1s stored in the first chamber and the second
chamber, using the first and second mixers, imnhibiting
the movement of the two-component developer 1n the
development, allowing the movement of the two com-
ponent developer at a predetermined timing, and sup-
plying of the replenishing two-component developer by
the first and second hoppers.
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